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X-ray structural determinationWe have synthesized and fully characterized by NMR, IR and elemental analysis sixteen Pt(0) derivatives
stabilized by four different thioquinoline spectator ligands and four different deactivated olefins.
Moreover we have studied the reactivity and proposed a mechanism for olefin-olefin, olefin-alkyne
exchange and oxidative addition of alkyl halides to this new class of Pt(0) derivatives based on detailed
kinetic measurements. The kinetic study was carried out by NMR and UV–Vis techniques and in one case
we have determined the activation parameters. Finally, we were able to resolve the solid state structure
of a couple of diastereoisomers among the four possible isomers generated by the combination of two
stereocenters.
 2017 Elsevier Ltd. All rights reserved.1. Introduction
The metals of the 10th group have been extensively studied
owing to their activity as homogeneous catalysts in several indus-
trial processes. In particular, palladium complexes represent an
almost inexhaustible source of investigation for many scientists
in the field of homo– [1] and hetero–cross coupling [2] catalysis
thanks to the easy interconversion between Pd(0) and Pd(II) oxida-
tion states.
Comparatively, platinum complexes are less studied although
their activity was widely reviewed [3] and their remarkable perfor-
mance as catalysts in some processes such as alkene and alkyne
di-borination [4], alkyne silo-borination [5] or conjugate diene
dimerization [6] has been well documented.
The feasibility of the above mentioned reactions is again trace-
able back to the easiness of interconversion between oxidation
states of platinum since the progress of the reactions is governed
by the alternation of oxidative additions, reductive eliminations
combined with the possible displacement of one ligand with the
consequent release of a coordination site. These processes involve
14 or 16 electron species as already established since more than
50 years [7].Recently, the synthesis of the key intermediates in the homoge-
neous catalysis by d10 PtL2 involving NHC [8] or phosphine [9]
ligands has represented the goal of some research groups. How-
ever, in our opinion the same target can also be reached by the
wise catalytic application of olefin complexes of palladium(0) or
platinum(0) from which the labile olefin can be easily displaced
with the consequent release of a coordination site.
Our group has gained a consolidated experience in the field of
palladium(0) olefin complexes and in this respect a rank among
the coordinative capabilities of different olefins and alkynes was
assessed and the relative stability imparted to their derivatives
clearly measured [10]. Remarkably, such a stability order was con-
firmed also in the case of the less investigated platinum derivatives
[11]. Moreover, it was also clear that the nature of the spectator
ligands is also important since a comparison of stabilities of olefin
complexes can only be carried out within strictly homologous ser-
ies of compounds [12]. Therefore a thorough knowledge of the nat-
ure of the olefins and ligands and their possible interplay is
necessary, since these factors strongly modulate the stability and
consequently the reactivity of the ensuing complexes [13]. In the
last analysis this is a focal point for the final catalyst design.
We therefore decided to study in detail the reactivity toward
olefin-olefin, olefin-alkyne exchange and oxidative addition of
alkyl halides of the new class of Pt(0) derivatives stabilized by
the bidentate thioquinoline ligands reported in the following
Scheme 1. As a matter of fact, the quinoline are flat and rigid
Scheme 1. Reaction and synthesized Platinum(0) olefin complexes stabilized by bidentate thioquinoline ligands.
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unexpected reactivity and behavior [14] and therefore seem to us
worthy of comparison with the complexes of the less rigid and
widely investigated pyridyl-thioether or pyridyl-carbaldiimine
ligands [11–13]. The results of our investigation are reported in
the present paper.
2. Result and discussion
2.1. Synthesis of the platinum thioquinoline- olefin complexes
The reaction of the complex Pt(DBA)2 [15] with the ligands 1, 2,
[16] 3 [13c] and 4 [17] in THF and the olefins a-d, at temperatures
and reaction times preliminarily determined (see Section 4) gives
the Pt(0) olefin derivatives in 50–60% yield which is acceptable
for this class of compounds. The complexes, when separated from
the solvent and dried, are stable for long time at low temperature
whereas in solution their stability is reduced and generally variable
but usually sufficient for their complete characterization.
The reaction, ligands, olefins and the synthesized complexes are
reported in the following Scheme 1.
A downfield shift of the 1H NMR signals of the thioquinoline
moieties is observed upon coordination. The thioquinoline protons
nearest to the metal undergo a more marked downfield shift and
are characterized by satellites due to coupling with 195Pt. Thus,
the S–CH3 protons of 1a–d and the quinolinic H2 of 1a-d and 2a-
d complexes resonate at 0.4 ppm (JPt-H  50 Hz) and within
0.3–07 ppm (JPt-H  50 Hz) downfield with respect to those of the
free ligands, respectively. Similar shifts are also detected in the
case of the methyl protons in position 2 of the quinoline ring of
the complexes 3a–d and 4a–d resonating at 0.4 ppm (JPt-H  8–
9 Hz) downfield of the uncoordinated ligand. 13C NMR spectra dis-
play similar behavior and downfield shifts of the signals with the
characteristic satellites are detected also in this case.
The coordination of the olefin can be also detected by the NMR
and IR spectra of the reaction products as detailed in the following
points:i. Owing to the heteroditopicity of the thioquinoline ligands
the used olefins display a couple of AX (sometimes AB) sig-
nals with coupling constants JH-H in the ranges 7.8–7.9 and
8.4–8.7 Hz when the type E olefins fumaronitrile (b) and
dimethylfumarate (a) are taken into account in the order,
whereas the JH-H of type Z moieties ranges within 3.7–3.9
and 6.3–6.6 Hz in the case of maleic anhydride (c) and naph-
thoquinone (d), respectively.
ii. The satellite signals due to coordinated olefins display a JPt-H
and JPt-C in the range of 70–80 and 30–40 Hz, respectively.
iii. An upfield shift of the coordinated olefin protons (3 ppm)
and carbons (100 ppm) due to the electronic p–back dona-
tion from the metal to olefin antibonding orbitals is clearly
observed in any synthesized complex.
iv. The IR spectra of the isolated complexes display the charac-
teristic mCN or mCO stretching.
A selection of 1H, 13C NMR and IR spectra are reported in
Figs. S1–S5 in the Supplementary Material.
Remarkably, the NMR spectra recorded at RT indicate the pres-
ence in solution of only one species although the presence of two
different chiral centers, namely the sp3 sulfur and the coordination
mode of the olefin (Si or Re in the case of type E–olefins and Exo or
Endo for Z–olefins) would indicate that two diastereoisomers and
the related enantiomers are possible (See Fig. S6, Supplementary
Material).
As a matter of fact, decreasing the temperature in the interval of
240–190 K depending on the studied complexes, causes the
appearance of two different groups of signals clearly ascribable
to two different diastereoisomers. We report in Fig. 1 the variable
temperature 1H NMR spectra of the complex 1c and in Table 1 the
isomeric ratios measured for all the investigated thioquinoline
complexes. Notably, a geometric optimization based on DFT calcu-
lations seems to indicate that endo isomers are preferred with Z
type olefins whereas RRe (or SSi) isomers are more stable than their
analogs RSi (or SRe) with E type olefins (Table S1, Supplementary
Material).
Fig. 1. 1H NMR spectra of complex 1c in CD2Cl2 recorded at different temperatures.
Table 1
Isomeric ratio measured by NMR technique (freezing temperatures: a233; b223; c203;
d93 K).
1 2 3 4
a 4c 3.7b 3c 2.8b
b 1.5c 1.5b 2d 2.3b
c 1.35c 2b 3b 1.2b
d 1.6c 1.8c 5b 6.5a
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two diatereoisomers fortuitously present in the repeating unit of
a single crystal of complex 3a.
The crystal contains two independent molecules in the asym-
metric unit displaying different conformations for the dimethylfu-
marate (dmfu) ligand as shown by the torsion angles C13 = C12-
C14-O1 of 4(1) and 175(1) in molecules of isomer RSi and SSi,
respectively.
ORTEP [18] views of both the independent Pt(0) isomers of
complex 3a are reported in Fig. 2.
A selection of bond distances and angles and torsion angles is
given in Table S2 (Supplementary Material).
The geometry around the Pt center is formally square planar in
both the independent isomers, where the four positions around the
central Pt are occupied by N1 and S1 atoms of the ligand 3 and by
C12 and C13 carbon atoms of the dimethylfumarate (dmfu) thanks
to a g2 interaction with the alkene C@C moiety. The coordination
around Pt1 can also be considered as trigonal planar if one takes
the mid-point of the C@C alkene double bond as the third coordi-
nation position. The C14-C12 = C13-C16 carbon chains of the dmfu
ligands are slightly twisted, displaying torsion angles of 145.3(8)
and 145.5(9) in the independent molecules of isomers RSi and
SSi, respectively. In both the isomers, the C12 = C13 double bonds
are lengthened to 1.443(12) and 1.471(12) Å as observed in other
similar complexes.
2.2. Synthesis of the platinum thioquinoline- alkyne complexes
Platinum and palladium olefin complexes stabilized by thio-
quinoline spectator ligands give different products when reactingwith deactivated alkynes. Palladium olefin complexes yield pal-
ladacyclometallate species even under stoichiometric conditions
[13c,d] whereas in the case of the reaction of complex 2a with
the alkynes dimethyl but–2–ynedioate (DMA), diethyl but–2–
ynedioate (DEtA) and dit–butyl but–2–ynedioate (DtBA) only the
alkyne derivatives obtained in the presence of the entering
alkyne in marked excess were observed (See Scheme 2).
Complex 2e was synthesized, separated in 70% yield and char-
acterized by a detailed 1H and 13C NMR investigation as can be
seen in the spectra reported in the Supplementary Material
(Figs. S7–S8).
In the 1H NMR spectrum the signals ascribable to the ligand 2
are downfield with respect to those of the free ligand. In particular
the H2 proton resonating at 10.3 ppm displays two satellites due to
the coupling with 195Pt with JPt-H = 37.6 Hz. Owing to the heterodi-
topicity of the ligand, the methyl protons and carbons of DMA res-
onate as two distinct singlets at 3.86 and 3.92 and at 109.4 and
118.9 ppm, respectively. The considerably high field resonance of
the unsaturated carbons of the coordinate alkyne (free alkyne res-
onates at 152.5 ppm) suggests a remarkable p–back donation with
the consequent formation a platina–cyclopropyne structure.
Finally, the characterization was completed by IR spectroscopy
(mCOOMe = 1750 cm1) and elemental analysis (See Section 4).
It is however noteworthy that the reaction in Scheme 2 does not
represent the general rule since the NMR spectra obtained in the
case of complexes with different olefin or thioquinoline ligands
suggest the formation of a mixture of different derivatives that
cannot be easily interpreted.
2.3. Oxidative addition
The oxidative addition and the related reductive elimination are
remarkably important processes in the field of homo–[1] and het-
ero–cross coupling [2]. For such a reason, we have recently studied
some oxidative reactions of Pd(II) or Pd(0) complexes involving
halogens, interhalogens, [14c,19] and alkyl or aryl halides
[13g,16,20]. In the search for analogies or differences with
palladium derivatives, if any, we decided to investigate the
oxidative addition of complexes 2a and 4a with allyl chloride
Fig. 2. ORTEP [18] view of the diastereoisomers of complex 3a showing the thermal
ellipsoids at 40% probability level. Isomer RSi (top) and SSi (bottom).
232 L. Canovese et al. / Polyhedron 129 (2017) 229–239and 3-chloro-1-phenylpropyne which are the most reactive species
among the commercially available alkyl halides. Concomitantly,
complexes 2a and 4a display the highest reactivity among the
investigated Pt(0) species thanks to dmfu which is the mostScheme 2. Synthesis of Platinum thioqweakly coordinated olefin and hence the most prone to
displacement [10].
2.3.1. Reaction of complex 2a with allyl chloride
The studied reaction is summarized in the following Scheme 3:
Complex 2a turned out as the more suitable for a quantitative
study involving its oxidative addition with allylchloride. The inves-
tigation was first followed by NMR and thereafter complex 2h was
synthesized, separated and characterized by 1H, 13C NMR spectra
and elemental analysis (See Section 4). As can be deduced from
the NMR spectra, at variance with similar palladium complexes
which give derivatives bearing the allyl fragment g3–coordinated,
complex 2a yields exclusively the g1–coordinated one.
The AB part of an ABCX multiplet generated by the diastereoto-
pic CH2a (C in this case represents proton Hb, whereas X corre-
sponds to 195Pt) can be simulated despite its particular
complexity due to the coupling constant interplay (See Fig. S9B
Supplementary Material). Further, resonance frequencies are
observed at ca. 2.9 ppm (alkyl protons CH2a) and in the interval
4.7–6.2 ppm (olefin protons Hb, Hc trans and Hc cis with respect to
Hb, with JHH = 17.1 and 9.9 Hz, respectively) and at 6.2 ppm (a mul-
tiplet ascribable to the proton Hb. These facts point to the g1–coor-
dination mode of the allyl fragment.
Moreover, the 1H NMR spectrum suggests the position of chlo-
ride with respect to quinoline nitrogen since the remarkably low
field resonance of the quinolinic H2 (10.2 ppm) is typical of a H2
proton cis to chloride [14 and Refs. therein]. Consistently, the
13C NMR spectrum displays the carbons of the allyl fragment res-
onating at three distinct frequencies at 146.2 (Cb), 107.1 (Cc) and
1.3 (Ca) ppm. In particular, the resonance of the latter being
detected at high field owing to its direct coordination to the metal.
We have elsewhere proposed a mechanism for similar reactions
of allylchloride with homologous palladium derivatives which
involves slow formation of a pentacoordinated intermediate fol-
lowed by fast release of dmfu and concomitant formation of the
reaction product [13g,16]. This sort of reactions, carried out
either under stoichiometric or almost stoichiometric conditions,
is aptly described by a second order decay of the starting
complex and concomitant formation of the reaction product.
The reaction of complex 2a with allylchloride behaves
similarly and as can be seen in Supplementary Material (Fig. S11)
the rate law and the concentration changes vs. time followed
by 1H NMR indicate a second order mechanism. Expectedly,
the reactivity of the homologous palladium complex
(k2(Pd) = 0.294 ± 0.009 dm3 mol–1 s–1) [16] is considerably higher
than that measured for platinum (k2(Pt) = (8.7 ± 0.4)  10–3 dm3
mol–1 s–1).
2.3.2. Reaction of complexes 2a and 4a with 3–chloro–1–
phenylpropyne
In Scheme 4 we condense the experimental evidence gathered
from the NMR spectra reported in Figs. S12–14 (Supplementaryuinoline alkyne complexes 2e–g.
Scheme 3. Oxidative addition of allylchloride to complex 2a.
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enced by the substituent in position 2 of the thioquinoline ring.
Thus, complex 2a reacts with 3–chloro–1–phenylpropyne yielding
an almost equimolecular tautomeric mixture of 2i and 2j whereas
complex 4a gives exclusively the allenyl tautomer 4i in the course
of several hours (ca. 24 h).
Unfortunately, the tautomeric mixture (2i, 2j), although obtain-
able in microcrystalline form under preparative conditions, is not
stable enough in solution and therefore its 13C NMR spectrum
was not recorded. The 1H NMR spectrum (Fig. S12, Supplementary
Material) however clearly displays two low field doublets
(10 ppm) ascribable to H2 thioquinoline ring cis to chloride for
both tautomers, the typical AB signal of the diastereotopic CH2
propargylic protons at 2.62–2.82 ppm (JPt-H = 100.7 Hz) and the
singlet at 4.56 ppm of the CH2 protons of the allenyl species.
Complex 4a reacts with 3–chloro–1–phenylpropyne to give
almost exclusively the allenyl isomer 4i. Quite surprisingly when
a similar reaction was carried out with the analogous palladium
derivative the propargyl tautomer was obtained almost quantita-
tively. A dedicated DFT investigation supports these experimental
findings. Thus, the palladium propargyl derivative turned out to
be more stable than its allenyl counterpart by ca. 0.9 kcal mol–1
[13g] whereas in the present case the platinum allenyl species is
more stable by ca. 0.5 kcal mol–1 than the propargyl isomer. The
1H and 13C NMR spectra reported in the Supplementary Material
(Figs. S13 and 14) display the presence in solution of a unique
species with the methyl group in position 2 of the thioquinoline
ligand resonating as a singlet 0.5 downfield with respect to the
free ligand (again indicating the chloride in cis position).
Moreover, the diastereotopic allenyl protons at 4.6 ppm and the
allenyl carbons at 68.9 (@CH2), 76.2 (Pt-C-Ph) and 204.7 (@C@)
ppm, confirm the allenylic nature of the isomer.2.4. Olefin exchange reactions
As already stated the displacement of a ligand from a metal
complex may be a keystone governing the catalytic activity of
the complex itself. In this respect the strength of the metal–olefin
bond is crucial and the related coordinative capability of one olefin
can be easily measured by competitive reactions with other alke-
nes or alkynes and the hierarchy straightforwardly established
[10]. However, the coordinative capability of the olefins does not
depend on their electronic properties only but rather, on the inter-
play of such characteristics and the nature of the spectator ligands
and metal. Thus, although the gross reactivity order remains
unchanged, any fine determination is confined within strictly
homologous series of compounds. In this respect, we have under-
taken a systematic kinetic study of the olefin-olefin and olefin-
alkyne exchange in thioquinoline platinum olefin complexes by
the reliable UV–Vis technique. Remarkably, at variance with the
fast equilibrium reaction characterizing palladium derivatives,platinum complexes react slowly and quantitatively according to
the reactions summarized in the following Scheme 5.
We have therefore firstly identified the favorable absorbance
changes by recording the absorbance vs. wavelength spectra of
the reaction under study and then the absorbance vs. time changes
at a suitable wavelength under pseudo-first order conditions ([ol1
(alk)]0/[Complex]0 10). The reactions went smoothly to comple-
tion and the final spectrum was coincident with that of an authen-
tic sample of the reaction product recorded under the same
experimental conditions. All the reactions obey to the monoexpo-
nential law:
Dt  D1 ¼ ðD0  D1Þekobst
where D0, D1 and Dt represent the initial, the final and the absor-
bance at time t, respectively, whereas kobs (s–1) is the determined
pseudo-first order rate constant (See Supplementary Material
Figs. S15 and 16).
The linear regression of the ensuing kobs = k2[ol2 (alk)]in excess
values vs. the olefin or alkyne concentrations displays no signifi-
cant intercept, thereby suggesting the rate law:
 d½Complex
dt
¼ k2½Complex½ol2 ðalkÞ
The slope of the straight line gives the second order rate con-
stants k2 which we took as a measurement of the relative coordi-
native capability of the studied olefins or alkynes (See
Supplementary Material Fig. S17).
However, in the case of fast reactions the experimental
approach described above is no longer possible. We therefore
resorted to experiments carried out under second order conditions
in which the concentrations of both complex and entering olefin
are in almost stoichiometric ratio. In this case the absorbance vs.
time profiles are described by the relationship:
Dt ¼ ðD0  D1ÞD0½ol2 ðalkÞ0ek2D0t  ½Complex0
þ D1
where [Complex]0 and [ol2 (alk)]0 are the initial concentrations of
complex and entering olefin (or alkyne) and D0 =
[ol2 (alk)]0  [Complex]0 (with [ol2 (alk)]0 > [Complex]0). We have
thus been able to determine the rate constant of the fastest reactions
and confirmed the second order nature of the reaction under study.
In order to assess the intimate mechanism we have also mea-
sured in one case the temperature dependence of k2 according to
the Eyring approach. The ensuing values of activation parameters
for the reaction of 2d with DMA are DH# = 45 ± 2 kJ/mol and
DS# = 95 ± 6 J/mol. The negative entropy value definitely points
to a typical associative exchange process in which the entering
alkyne and the leaving olefin are both coordinated in the reaction
intermediate (See Table S4 and Fig. S18 in Supplementary Mate-
rial). Thus, the complete representation of the reaction taking into
account the hypothesized intermediate can be represented by the
following Scheme 6:
The determined k2 values are summarized in the following
Table 2.
Scheme 4. Oxidative addition of 3–chloro–1–phenylpropyne on complexes 2a and 4a.
Scheme 5. Olefin–olefin or olefin–alkyne exchange reaction.
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drance of the reactants is of primary importance as expected for
reactions in which an associative mechanism is involved. In
particular:
i) The k2 value is heavily influenced (at least by one order of
magnitude) by the substituent at sulfur. As a matter of fact,
the reactivity of the less hindered complexes increases by
about two orders of magnitude (complexes 1d, 3d vs. 2d,
4d). The methyl substituent at the quinoline ring also influ-
ences the reactivity by lowering the rate constants by about
one or two orders of magnitude (complexes 1d, 2d vs. 3d,
4d).
ii) A monotonic decrease albeit small, of the rate constants due
to the increasing steric hindrance of the substituent is also
noticed when the rates of the entering alkynes are compared
(see reactions between complex 2d and alkynes).
As for the olefin or alkynes involved in the substitution reaction
it is apparent that:
i) Among the studied olefins, dmfu is the best leaving moiety
owing to its weakest bond with platinum. Such a compara-
tively weak bond is due to its reduced electron withdrawing
characteristics as noticed in previously published studies on
Pd(0) and Pt(0) complexes [10,11].Scheme 6. Proposed mechanism involving an intermediate bearing theii) Olefin c (ma) is the best entering moiety despite its electron
withdrawing characteristics which are similar to those of b
(fn), probably because of its reduced size [10].
iii) Alkynes are less effective as entering groups than olefins
owing to their high p–electron accepting properties y which
hamper the formation of the intermediate (see Scheme 6) by
reducing the available electron density at the metal.
Again, all these phenomena are traceable back to an associative
mechanism in which the entering and the leaving group are both
coordinated in the intermediate3. Conclusion
We have synthesized and characterized some new olefin plat-
inum complexes bearing thioquinoline as ancillary ligands. In
one case we were able to resolve the solid state structures of a cou-
ple of diastereoisomers which had been firstly detected by NMR
spectroscopy. We have obtained some alkyne derivatives by ole-
fin-alkyne exchange. We have also measured the rate of the ole-
fin-alkyne exchange and in the case of complex 2d we have
measured the activation parameters which suggest an associative
mechanism for the exchange. Such a mechanism was confirmed
by a kinetic study carried out also in the case of the olefin-olefin
exchange reactions.
Furthermore, we have studied the oxidative addition of allyl–
chloride and 3–chloro–1–phenylpropyne to selected platinum(0)
complexes. We have measured the rate constant of the reaction
giving the g1–coordinated allyl derivative 2h only, when allyl–
chloride reacts with complex 2a (no g3–derivatives have been
observed). In the case of the reaction of 3–chloro–1–phenyl-
propyne with complexes 4a and 2a we have obtained the allenyl
tautomer 4i or the tautomeric mixture 2i–2j, respectively.4. Experimental
4.1. Solvents and reagents
All the following distillation processes were carried out under
inert atmosphere (argon). CH2Cl2 was firstly treated with 3Å
molecular sieves and thereafter distilled. CHCl3 was distilled overleaving olefin and the entering alkyne simultaneously coordinated.
Table 2
Second-order rate constants (k2 dm3 mol–1 s–1) for selected complexes as a function of the entering olefin.
b (fn) c (am) e (DMA) f (DEA) g (DtBA)
1d (1.46 ± 0.02)	103 too fast / / /
2d 43 ± 1 150 ± 2 0.74 ± 0.02 0.500 ± 0.006 0.243 ± 0.004
3d 243.2 ± 0.8 (2.51 ± 0.03)	103 / / /
4d 1.16 ± 0.02 32 ± 1 0.264 ± 0.003 / /
2a (2.27 ± 0.03)	103 too fast 3.23 ± 0.07 / /
4a 305 ± 1 / 3.55 ± 0.07 / /
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metallic sodium. All the other chemicals were commercially avail-
able grade products and were used as purchased.4.2. Data analysis
Non linear and linear analysis of the data related to kinetics
measurements were performed by locally adapted routines written
in ORIGIN 7.5 or SCIENTIST environments.4.3. IR, NMR, UV–Vis and Elemental analysis measurements
The IR, 1H, 13C and 31P NMR spectra were recorded on a Perkin-
Elmer Spectrum One spectrophotometer and on a Bruker 300
Avance spectrometer, respectively. UV–Vis spectra were taken on
a Perkin-Elmer Lambda 40 spectrophotometer equipped with a
Perkin-Elmer PTP6 (Peltier temperature programmer) apparatus.
Elemetal analysis was carried out using an Elementar CHN CUBO
Micro Vario analyzer.4.4. Preliminary studies and kinetic measurements
The UV–Vis preliminary study was carried out by placing 3 ml
of a freshly prepared solution of the complex under study ([Com-
plex]0 = 1  104 mol dm3) in the thermostatted (298 K) cell com-
partment of the UV–Vis spectrophotometer. Microaliquots of
solutions containing the olefin (alkyne) in adequate concentrations
([ol] = min 1  103 mol dm3) were added and the absorbance
changes were monitored in the 280–550 nm wavelength interval
or at an optimized fixed wavelength. Fast reactions have been
studied under almost stoichiometric conditions. In such a case
the data treatment was carried out by the second-order approach.4.5. Computational details
The geometrical optimization of the complexes was carried out
by the Gaussian 09 program [21] without symmetry constraints,
using the hyper-GGA functional M06, [22,23] in combination with
polarized triple-f-quality basis sets (LAN2TZ(f)) [24,25] and rela-
tivistic pseudopotential for the Pt atoms, a polarized double-f-
quality basis sets (LANL2DZdp) [26] with diffuse functions for the
halogen atoms and a polarized double-f-quality basis sets (6-31G
(d,p)) for the other elements. Solvent effects (CH2Cl2, e = 9.93) were
included using CPCM [27,28].
The ‘‘restricted” formalism was applied in all the calculations.
The zero-point vibrational energies and thermodynamic parame-
ters were obtained [29] by means of the stationary points charac-
terized by IR simulation.
All the computational work was carried out on Intel based x 86–
64 workstations.4.6. Crystal structure determinations
The crystal data of compound 3a were collected at room tem-
perature using a Nonius Kappa CCD diffractometer with graphite
monochromated Mo-Ka radiation. The data sets were integrated
with the Denzo-SMN package [30] and corrected for Lorentz, polar-
ization and absorption effects (SORTAV) [31]. The structure was
solved by direct methods using SIR97 [32] system of programs
and refined using full-matrix least-squares with all non-hydrogen
atoms anisotropically and hydrogens included on calculated posi-
tions, riding on their carrier atoms.
All calculations were performed using SHELXL-2014/6 [33] and
PARST [34] implemented in WINGX [35] system of programs. The crys-
tal data are given in Table S3 and a selection of bond distances and
angles is given in Table S2 (Supplementary Information).4.6.1. Synthesis of complex 1b
0.0602 g (0.343 mmol) of 8-methylthioquinoline (1), 0.0480 g
(0.65 mmol) of fumaronitrile (b) and 0.2050 g (0.309 mmol) of Pt
(DBA)2 were dissolved in 30 ml of anhydrous THF under inert
atmosphere (Ar) in a 100 ml two–necked flask. The mixture was
stirred at R.T. for 60 min and then at 45 C for further 60 min.
The solution was dried under vacuum and the residue dissolved
in CH2Cl2, treated with activated carbon, filtered on a Celite filter,
the volume reduced under vacuum and finally diethyl ether was
added. The precipitated pale-brown complex 1b was filtered off
on a gooch, repeatedly washed with diethyl ether and n–pentane,
and finally dried under vacuum. 0.0769 g (yield 57%) of the com-
plex 1b was obtained.
1H-NMR (300 MHz, CD2Cl2, T = 298 K, ppm) d: 2.79 (d, 1H,
J = 7.8 Hz, JPtH = 89.1 Hz, CH = CH), 3.05 (s, JPtH = 49.0 Hz, 3H,
SCH3), 3.11 (d, 1H, J = 7.8 Hz, JPtH = 82.5 Hz, CH = CH), 7.68 (dd,
1H, J = 8.4, 4.9 Hz, H3), 7.81 (dd, 1H, J = 8.2, 7.3 Hz, H6), 8.02 (dd,
1H, J = 8.2, 1.2 Hz, H5), 8.23 (dd, 1H, J = 7.3, 1.2 Hz, H7), 8.65 (dd,
1H, J = 8.4, 1.5 Hz, H4), 9.70 (dd, 1H, J = 4.9, 1.5 Hz, JPtH = 35.5 Hz,
H2).
13C{1H}-NMR (CD2Cl2, T = 298 K, ppm) d: 4.7 (CH, JPtC = 406 Hz
CH = CH), 9.9 (CH, JPtC = 422 Hz, CH = CH), 29.1 (CH3, SCH3), 123.3
(C, CN), 123.5 (C, CN), 123.9 (CH, JPtC = 41 Hz, C3), 128.9 (CH, C6),
130.2 (CH, C5), 130.7 (C, JPtC = 25 Hz, C10), 136.3 (C, JPtC = 31 Hz,
C8), 136.8 (CH, C7), 138.8 (CH, C4), 147.8 (C, C9), 157.4 (CH,
JPtC = 47 Hz, C2).
IR, KBr pellets (cm1): mCN = 2200.
Elemental anal. (%) for C14H11N3PtS: C 37.50, H 2.47, N 9.37.
Found: C 37.37, H 2.51, N 9.21.
The following complexes were obtained according to the above
described protocols using the appropriate starting complexes and
olefins. The yield, color, reaction time and, where necessary, some
supplementary information will be reported under the title.4.6.2. Synthesis of complex 1a
Reaction time: 60 min. Temperature: 45 C. Yield 55%. Color:
yellow.
236 L. Canovese et al. / Polyhedron 129 (2017) 229–2391H-NMR (300 MHz, CD2Cl2, T = 298 K, ppm) d: 2.94 (s,
JPtH = 50.0 Hz, 3H, SCH3), 3.58 (d, 1H, J = 8.5 Hz, JPtH = 93.2 Hz,
CH = CH), 3.61 (s, 6H, OCH3), 3.69 (s, 6H, OCH3), 3.91 (d, 1H,
J = 8.5 Hz, JPtH = 87.3 Hz, CH = CH), 7.62 (dd, 1H, J = 8.4, 4.9 Hz,
H3), 7.74 (dd, 1H, J = 8.2, 7.3 Hz, H6), 7.96 (dd, 1H, J = 8.2, 1.2 Hz,
H5), 8.16 (dd, 1H, J = 7.3, 1.2 Hz, H7), 8.59 (dd, 1H, J = 8.4, 1.5 Hz,
H4), 9.68 (dd, 1H, J = 4.9, 1.5 Hz, JPtH = 35.8 Hz, H2).
13C{1H}-NMR (CD2Cl2, T = 298 K, ppm) d: 28.5 (CH, JPtC = 359 Hz
CH = CH), 28.7 (CH3, SCH3), 35.1 (CH, JPtC = 350 Hz, CH = CH), 50.6
(CH3, OCH3), 50.7 (CH3, OCH3), 123.7 (CH, JPtC = 40 Hz C3), 128.4
(CH, C6), 129.7 (CH, C5), 130.6 (C, JPtC = 22 Hz, C10), 136.2 (CH, C7),
137.1 (C, JPtC = 32 Hz C8), 137.9 (CH, C4), 147.7 (C, C9), 156.0 (CH,
JPtC = 43 Hz, C2), 174.3 (C, JPtC = 60 Hz, CO), 176.4 (C, JPtC = 60 Hz,
CO).
IR, KBr pellets (cm1): mC@O = 1686.
Elemental anal. (%) for C16H17NO4PtS: C 37.35, H 3.33, N 2.72.
Found: C 37.42, H 3.27, N 2.87.
4.6.3. Synthesis of complex 1c
Reaction time: 60 min. Temperature: 45 C. Yield 49%. Color:
pale brown.
1H-NMR (300 MHz, CD2Cl2, T = 298 K, ppm) d: 3.00 (s,
JPtH = 51.0 Hz, 3H, SCH3), 3.68 (d, 1H, J = 3.7 Hz, JPtH = 83.6 Hz,
CH = CH), 3.98 (d, 1H, J = 3.7 Hz, JPtH = 82.1 Hz, CH = CH), 7.66 (dd,
1H, J = 8.4, 4.9 Hz, H3), 7.79 (dd, 1H, J = 8.2, 7.3 Hz, H6), 8.00 (dd,
1H, J = 8.2, 1.2 Hz, H5), 8.20 (dd, 1H, J = 7.3, 1.2 Hz, H7), 8.63 (dd,
1H, J = 8.4, 1.5 Hz, H4), 9.68 (dd, 1H, J = 4.9, 1.5 Hz, JPtH = 36.4 Hz,
H2).
13C{1H}-NMR (CD2Cl2, T = 253 K, ppm) d: 28.7 (CH3, SCH3), 29.3
(bs, CH, CH = CH), 34.3 (bs, CH = CH), 124.1 (CH, JPtC = 42 Hz C3),
128.9 (CH, C6), 130.4 (CH, C5), 130.5 (C, JPtC = 26 Hz, C10), 136.0
(C, JPtC = 32 Hz C8), 136.9 (CH, C7), 139.0 (CH, C4), 147.6 (C, C9),
157.4 (CH, JPtC = 44 Hz, C2), 173.1 (C, CO), 173.5 (C, CO).
IR, KBr pellets (cm1): mC@O = 1795, 1723.
Elemental anal. (%) for C14H11NO3PtS: C 35.90, H 2.37, N 2.99.
Found: C 36.08, H 2.21, N 2.87.
4.6.4. Synthesis of complex 1d
Reaction time: 60 min. Temperature: 45 C. Yield 48%. Color:
greenish.
1H-NMR (300 MHz, CD2Cl2, T = 298 K, ppm) d: 2.82 (s,
JPtH = 51.2 Hz, 3H, SCH3), 4.44 (d, 1H, J = 6.3 Hz, JPtH = 75.6 Hz,
CH = CH), 4.68 (d, 1H, J = 6.3 Hz, JPtH = 71.4 Hz, CH = CH), 7.43–
7.52 (m, 2H, aryl-nq), 7.76–7.74 (m, 2H, H3,H6), 7.93 (dd, 1H,
J = 8.2, 1.2 Hz, H5), 7.99–8.04 (m, 2H, aryl-nq), 8.13 (dd, 1H,
J = 7.3, 1.2 Hz, H7), 8.54 (dd, 1H, J = 8.4, 1.5 Hz, H4), 9.32 (dd, 1H,
J = 4.9, 1.5 Hz, JPtH = 35.7 Hz, H2).
13C{1H}-NMR (CD2Cl2, T = 298 K, ppm) d: 28.2 (CH3, SCH3), 44.5
(CH, JPtC = 320 Hz CH = CH), 52.0 (CH, JPtC = 287 Hz, CH = CH), 124.0
(CH, JPtC = 40 Hz C3), 125.0 (CH, aryl-nq), 125.2 (CH, aryl-nq), 128.6
(CH, C6), 130.0 (CH, aryl-nq), 130.6 (C, C10), 131.0 (CH, aryl-nq),
131.1 (CH, C5), 136.0 (C, aryl-nq), 136.2 (CH, C7), 136.6 (C, C8),
136.7 (C, aryl-nq), 138.4 (CH, C4), 148.0 (C, C9), 153.9 (CH, JPtC =
32 Hz, C2), 184.8 (C, CO), 188.7 (C, CO).
IR, KBr pellets (cm1): mC@O = 1622, 1583.
Elemental anal. (%) for C34H27N3O9PtS: C 45.45, H 2.86, N 2.65.
Found: C 45.31, H 2.98, N 2.72.
4.6.5. Synthesis of complex 2a
Reaction time: 60 min. Temperature: 45 C. Yield 54%. Color:
yellow.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.42 (s, 9H, tBu),
3.64 (s, 6H, OCH3), 3.66 (s, 6H, OCH3), 3.73 (d, 1H, J = 8.7 Hz,
JPtH = 91.0 Hz, CH = CH), 3.94 (d, 1H, J = 8.7 Hz, JPtH = 88.2 Hz,
CH = CH), 7.55 (dd, 1H, J = 8.3, 4.9 Hz, H3), 7.68 (dd, 1H, J = 8.2,
7.3 Hz, H6), 7.94 (dd, 1H, J = 8.2, 1.2 Hz, H5), 8.11 (dd, 1H, J = 7.3,1.2 Hz, H7), 8.52 (dd, 1H, J = 8.3, 1.5 Hz, H4), 9.74 (dd, 1H, J = 4.9,
1.5 Hz, JPtH = 35.0 Hz, H2).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 29.1 (CH, JPtC = 377 Hz
CH = CH), 30.5 (CH3, JPtC = 19 Hz, CMe3), 35.6 (CH, JPtC = 346 Hz,
CH = CH), 50.8 (CH3, OCH3), 50.9 (CH3, OCH3), 56.7 (C, CMe3),
123.6 (CH, JPtC = 40 Hz C3), 127.7 (CH, C6), 130.3 (CH, C5), 130.6
(C, JPtC = 23 Hz, C10), 134.1 (C, JPtC = 33 Hz C8), 137.4 (CH, C4),
138.1 (CH, C7), 147.7 (C, C9), 155.7 (CH, JPtC = 44 Hz, C2), 174.9 (C,
JPtC = 60 Hz, CO), 176.9 (C, JPtC = 60 Hz, CO).
IR, KBr pellets (cm1): mC@O = 1697, 1686.
Elemental anal. (%) for C19H23NO4PtS: C 41.00, H 4.17, N 2.52.
Found: C 40.92, H 4.21, N 2.70.
4.6.6. Synthesis of complex 2b
Reaction time: 60 min. Temperature: 45 C. Yield 61%. Color:
pale brown.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.49 (s, 9H, tBu),
2.79 (d, 1H, J = 7.9 Hz, JPtH = 87.3 Hz, CH = CH), 3.12 (d, 1H,
J = 7.9 Hz, JPtH = 88.2 Hz, CH = CH), 7.63 (dd, 1H, J = 8.4, 4.9 Hz,
H3), 7.76 (dd, 1H, J = 8.2, 7.3 Hz, H6), 8.02 (dd, 1H, J = 8.2, 1.2 Hz,
H5), 8.16 (dd, 1H, J = 7.3, 1.3 Hz, H7), 8.60 (dd, 1H, J = 8.4, 1.6 Hz,
H4), 9.71 (dd, 1H, J = 4.9, 1.6 Hz, JPtH = 32.7 Hz, H2).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 4.8 (CH, JPtC = 426 Hz
CH = CH), 9.8 (CH, JPtC = 416 Hz, CH = CH), 30.6 (CH3, JPtC = 20 Hz,
CMe3), 58.0 (C, CMe3), 123.5 (C, CN), 123.8 (CH, JPtC = 41 Hz, C3),
124.1 (C, CN), 128.2 (CH, C6), 130.7 (C, JPtC = 27 Hz, C10), 130.8
(CH, C5), 133.1 (C, JPtC = 31 Hz, C8), 138.4 (CH, C7), 138.5 (CH, C4),
149.5 (C, C9), 157.1 (CH, JPtC = 47 Hz, C2).
IR, KBr pellets (cm1): mCN@2201.
Elemental anal. (%) for C17H17N3PtS: C 41.63, H 3.49, N 8.57.
Found: C 41.78, H 3.54, N 8.49.
4.6.7. Synthesis of complex 2c
Reaction time: 60 min. Temperature: 45 C. Yield 57%. Color:
greenish.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.44 (s, 9H, tBu),
3.66 (d, 1H, J = 3.7 Hz, JPtH = 83.4 Hz, CH = CH), 4.01 (d, 1H,
J = 3.7 Hz, JPtH = 82.7 Hz, CH = CH), 7.60 (dd, 1H, J = 8.4, 4.9 Hz,
H3), 7.74 (dd, 1H, J = 8.2, 7.3 Hz, H6), 8.00 (dd, 1H, J = 8.2, 1.2 Hz,
H5), 8.13 (dd, 1H, J = 7.3, 1.2 Hz, H7), 8.57 (dd, 1H, J = 8.4, 1.5 Hz,
H4), 9.65 (dd, 1H, J = 4.9, 1.5 Hz, JPtH = 36.4 Hz, H2).
13C{1H}-NMR (CD2Cl2, T = 273 K, ppm) d: 29.2 (bs, CH,
CH = CH), 30.2 (bs, CH3, CMe3), 34.3 (CH, JPtH = 354 Hz, CH = CH),
58.3 (C, CMe3), 124.0 (CH, JPtC = 42 Hz C3), 128.2 (CH, C6), 130.6
(C, JPtC = 27 Hz, C10), 130.9 (CH, C5), 132.6 (C, JPtC = 31 Hz C8),
138.6 (CH, C7), 138.7 (CH, C4), 149.3 (C, C9), 156.9 (bs, CH, C2),
173.3 (C, CO), 174.9 (C, CO).
IR, KBr pellets (cm1): mC@O = 1798, 1728.
Elemental anal. (%) for C17H17NO3PtS: C 40.00, H 3.36, N 2.74.
Found: C 40.13, H 3.41, N 2.58.
4.6.8. Synthesis of complex 2d
Reaction time: 60 min. Temperature: 45 C. Yield 53%. Color:
greenish.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.21 (s, 9H, tBu),
4.49 (d, 1H, J = 6.4 Hz, JPtH = 73.4 Hz, CH = CH), 4.70 (d, 1H,
J = 6.4 Hz, JPtH = 70.3 Hz, CH = CH), 7.44–7.53 (m, 2H, aryl-nq),
7.64–7.69 (m, 2H, H3,H6), 7.93 (dd, 1H, J = 8.2, 1.2 Hz, H5), 7.91–
7.94 (m, 3H, aryl-nq, H7), 8.48 (dd, 1H, J = 8.4, 1.5 Hz, H4), 9.37
(dd, 1H, J = 4.9, 1.5 Hz, JPtH = 36.4 Hz, H2).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 30.1 (CH3, CMe3), 44.7
(CH, JPtC = 342 Hz CH = CH), 52.9 (CH, JPtC = 276 Hz, CH = CH), 124.0
(CH, JPtC = 39 Hz, C3), 125.3 (CH, aryl-nq), 125.8 (CH, aryl-nq), 127.9
(CH, C6), 130.4 (C, C10), 130.5 (CH, C5), 131.0 (CH, aryl-nq), 131.4
(CH, aryl-nq), 133.0 (C, JPtC = 32 Hz, C8), 136.5 (C, aryl-nq), 136.9
L. Canovese et al. / Polyhedron 129 (2017) 229–239 237(C, aryl-nq), 137.9 (CH, C7), 138.0 (CH, C4), 149.9 (C, C9), 152.9 (CH,
JPtC = 28 Hz, C2), 184.3 (C, CO), 190.5 (C, CO).
IR, KBr pellets (cm1): mC@O = 1639, 1616.
Elemental anal. (%) for C23H21NO2PtS: C 48.42, H 3.71, N 2.45.
Found: C 48.37, H 3.58, N 2.41.4.6.9. Synthesis of complex 3a
Reaction time: 60 min. Temperature: 45 C. Yield 53%. Color:
yellow.
1H-NMR (300 MHz, CD2Cl2, T = 298 K, ppm) d: 2.92 (s,
JPtH = 52.1 Hz, 3H, SCH3), 3.15 (s, 3H, JPtH = 8.5 Hz, CH3-quinoline),
3.46 (d, 1H, J = 8.4 Hz, JPtH = 88.4 Hz, CH = CH), 3.61 (s, 6H, OCH3),
3.62 (s, 6H, OCH3), 3.84 (d, 1H, J = 8.4 Hz, JPtH = 85.2 Hz, CH = CH),
7.63–7.70 (m, 2H, H3, H6), 7.89 (dd, 1H, J = 8.0, 1.3 Hz, H5), 8.09
(dd, 1H, J = 7.3, 1.3 Hz, H7), 8.39 (d, 1H, J = 8.4, H4).
13C{1H}-NMR (CD2Cl2, T = 298 K, ppm) d: 28.0 (CH3, SCH3), 28.5
(CH, JPtC = 349 Hz CH = CH), 32.8 (CH3, JPtC = 28 Hz, CH3-quinoline),
34.3 (CH, JPtC = 404 Hz, CH = CH), 50.5 (CH3, OCH3), 50.7 (CH3,
OCH3), 124.0 (CH, JPtC = 27 Hz C3), 126.9 (CH, C6), 128.8 (C,
JPtC = 27 Hz, C10), 129.6 (CH, C5), 135.7 (CH, C7), 136.3 (C, JPtC = 23,
Hz C8), 138.0 (CH, C4), 148.4 (C, C9), 165.4 (CH, JPtC = 38 Hz, C2),
175.4 (C, JPtC = 58 Hz, CO), 175.5 (C, JPtC = 55 Hz, CO).
IR, KBr pellets (cm1): mC@O = 1686.
Elemental anal. (%) for C17H19NO4PtS: C 38.64, H 3.62, N 2.65.
Found: C 38.49, H 3.51, N 2.48.4.6.10. Synthesis of complex 3b
Reaction time: 60 min. Temperature: 45 C. Yield 52%. Color:
pale–brown.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 2.86 (d, 1H,
J = 7.8 Hz, JPtH = 87.7 Hz, CH = CH), 3.02 (s, JPtH = 50.2 Hz, 3H,
SCH3), 3.03 (d, 1H, J = 7.8 Hz, JPtH = 86.7 Hz, CH = CH), 3.29 (s, 3H,
JPtH = 8.0 Hz, CH3-quinoline), 7.68–7.75 (m, 2H, H3, H6), 7.93 (dd,
1H, J = 8.1, 1.2 Hz, H5), 8.13 (dd, 1H, J = 7.3, 1.2 Hz, H7), 8.42 (d,
1H, J = 8.4 Hz, H4).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 2.8 (CH, JPtC = 395 Hz
CH = CH), 10.4 (CH, JPtC = 410 Hz, CH = CH), 29.1 (CH3, SCH3), 32.9
(CH3, CH3-quinoline), 123.4 (C, CN), 123.9 (C, CN), 124.5 (CH,
JPtC = 40 Hz, C3), 127.5 (CH, C6), 128.9 (C, C10), 130.2 (CH, C5),
135.6 (C, JPtC = 32 Hz, C8), 136.5 (CH, C7), 138.8 (CH, C4), 148.7 (C,
C9), 165.5 (CH, C2).
IR, KBr pellets (cm1): mCN@2196.
Elemental anal. (%) for C15H13N3PtS: C 38.96, H 2.83, N 9.09.
Found: C 39.07, H 2.91, N 8.92.4.6.11. Synthesis of complex 3c
Reaction time: 60 min. Temperature: 45 C. Yield 50%. Color:
pale–brown.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 2.98 (s,
JPtH = 52.3 Hz, 3H, SCH3), 3.28 (s, 3H, JPtH = 9.3 Hz, CH3-quinoline),
3.82 (d, 1H, J = 3.8 Hz, JPtH = 80.7 Hz, CH = CH), 3.98 (bd, 1H,
J = 3.8 Hz, JPtH = 82.2 Hz, CH = CH), 7.65–7.71 (m, 2H, H3,H6), 7.90
(dd, 1H, J = 8.1, 1.2 Hz, H5), 8.09 (dd, 1H, J = 7.3, 1.2 Hz, H7), 8.39
(d, 1H, J = 8.4, H4).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 27.1 (bs, CH, CH = CH),
28.8 (CH3, SCH3), 32.8 (CH3, CH3-quinoline), 34.7 (bs, CH = CH),
124.5 (CH, C3), 127.4 (CH, C6), 128.8 (C, C10), 130.1 (CH, C5),
135.8 (C, C8), 136.3 (CH, C7), 138.7 (CH, C4), 148.6 (C, C9), 165.8
(CH, C2), 173.6 (C, CO), 174.0 (C, CO) (incipient decomposition ren-
ders the Pt-satellites undetectable).
IR, KBr pellets (cm1): mC@O = 1795, 1723.
Elemental anal. (%) for C15H13NO3PtS: C 37.35, H 2.72, N 2.90.
Found: C 37.43, H 2.65, N 2.82.4.6.12. Synthesis of complex 3d
Reaction time: 60 min. Temperature: 45 C. Yield 50%. Color:
greenish
1H-NMR (300 MHz, CD2Cl2, T = 298 K, ppm) d: 2.79 (s, 3H,
JPtH = 51.1 Hz, SCH3), 3.18, (s, 3H, JPtH = 9.2 Hz quinoline-CH3),
4.55, 4.59 (AB system, 2H, J = 6.6 Hz, JPtH = 74.7, 71.7 Hz, CH = CH),
7.42–7.49 (m, 2H,, aryl naphthoquinone), 7.58–7.63 (m, 2H, H3,
H6), 7.83 (dd, 1H, J = 8.1, 1.2 Hz, H5), 7.93–8.00 (m, 2H,, aryl naph-
thoquinone), 8.02 (dd, 1H, J = 7.4, 1.2, H7), 8.33 (d, 1H, J = 8.4, H4).
13C{1H}-NMR (CDCl3, T = 253 K, ppm) d: 25.2 (bs, CH3, SCH3),
30.8 (CH3, quinoline-CH3), 44.0 (CH, JPtC = 305 Hz, CH = CH), 50.0
(CH, JPtC = 337 Hz, CH = CH), 124.3 (CH, JPtC = 31 Hz, C3), 124.9
(CH, aryl naphthoquinone), 125.3 (CH, aryl naphthoquinone),
127.0 (CH, C6), 128.7 (C, JPtC = 28 Hz, C10), 129.7 (CH, C5), 131.2
(CH, aryl naphthoquinone), 131.3 (CH, aryl naphthoquinone),
135.7 (CH, C7), 135.8 (C,C8), 136.1 (C, aryl naphthoquinone),
136.2 (C, aryl naphthoquinone), 138.3 (CH, C4), 148.2 (C, C9),
166.7 (C, JPtC = 40 Hz, C2), 188.3 (C, CO), 188.6 (C, CO).
IR, KBr pellets (cm1): mC@O = 1627, 1586.
Elemental anal. (%) for C21H17NO2PtS: C 46.49, H 3.16, N 2.58.
Found: C 46.62, H 3.22, N 2.47.
4.6.13. Synthesis of complex 4a
Reaction time: 60 min. Temperature: 45 C. Yield 45%. Color:
deep yellow
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.31 (s, 9H, tBu),
3.19 (s, 3H, JPtH = 7.9 Hz quinoline-CH3), 3.60 (s, 6H, OCH3), 3.65 (s,
6H, OCH3), 3.62 (d, 1H, J = 8.7 Hz, JPtH = 88.0 Hz, CH = CH), 3.85 (d,
1H, J = 8.7 Hz, JPtH = 86.4 Hz, CH = CH), 7.54–762 (m, 2H, H3, H6),
7.88 (dd, 1H, J = 8.1, 1.3 Hz, H5), 8.02 (dd, 1H, J = 7.3, 1.4 Hz, H7),
8.30 (d, 1H, J = 8.4, Hz, H4).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 30.0 (CH3, CMe3), 32.5
(CH3, quinoline-CH3), 34.6 (bs, CH, CH = CH), 37.2 (bs, CH, CH = CH),
50.7 (CH3, OCH3), 50.8 (CH3, OCH3), 55.9 (C, CMe3), 124.1 (CH,
JPtC = 27 Hz C3), 126.3 (CH, C6), 128.6 (C, C10), 130.3 (CH, C5),
133.6 (C, C8), 137.4 (CH, C7), 137.9 (CH, C4), 150.4 (C, C9), 165.0
(CH, JPtC = 39 Hz, C2), 176.1 (C, CO), 176.6 (C, CO).
IR, KBr pellets (cm1): mC@O = 1686.
Elemental anal. (%) for C20H25NO4PtS: C 42.10, H 4.42, N 2.45.
Found: C 42.23, H 4.28, N 2.61.
4.6.14. Synthesis of complex 4b
Reaction time: 60 min. Temperature: 45 C. Yield 52%. Color:
pale brown.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.41 (s, 9H, tBu),
2.82 (d, 1H, J = 7.8 Hz, JPtH = 86.1 Hz, CH = CH), 2.96 (d, 1H,
J = 7.9 Hz, JPtH = 87.5 Hz, CH = CH), 3.24 (s, 3H, JPtH = 8.6 Hz quino-
line-CH3), 7.63–7.69 (m, 2H, H3 H6), 7.96 (dd, 1H, J = 8.1, 1.4 Hz,
H5), 8.08 (dd, 1H, J = 7.3, 1.4 Hz, H7), 8.40 (d, 1H, J = 8.4, Hz, H4).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 2.1 (CH, JPtC = 404 Hz
CH = CH), 10.0 (CH, JPtC = 437 Hz, CH = CH), 30.2 (CH3,CMe3), 32.5
(CH3, quinoline-CH3), 57.3 (C, CMe3), 123.8 (C, CN), 124.0 (C, CN),
124.2 (CH, JPtC = 27 Hz, C3), 126.9 (CH, C6), 128.7 (C, JPtC = 26 Hz,
C10), 130.9 (CH, C5), 132.3 (C, JPtC = 27 Hz, C8), 138.4 (CH, C7),
138.5 (CH, C4), 150.4 (C, C9), 164.9 (CH, JPtC = 40 Hz, C2).
IR, KBr pellets (cm1): mCN = 2196.
Elemental anal. (%) for C18H19N3PtS: C 42.85, H 3.80, N 8.33.
Found: C 42.99, H 3.71, N 8.18.
4.6.15. Synthesis of complex 4c
Reaction time: 60 min. Temperature: 45 C. Yield 61%. Color:
brown.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) :d 1.37 (s, 9H, tBu),
3.21 (s, 3H, JPtH = 8.8 Hz quinoline-CH3), 3.77 (d, 1H, J = 3.9 Hz,
JPtH = 81.8 Hz, CH = CH), 3.86 (d, 1H, J = 3.9 Hz, JPtH = 82.9 Hz,
238 L. Canovese et al. / Polyhedron 129 (2017) 229–239CH = CH), 7.61–7.66 (m, 2H, H3, H6), 7.94 (dd, 1H, J = 8.1, 1.3 Hz,
H5), 8.05 (dd, 1H, J = 7.3, 1.3 Hz, H7), 8.37 (d, 1H, J = 8.4, H4).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 26.4 (CH, JPtH = 369 Hz,
CH = CH), 30.3 (s, CH3, CMe3), 32.8 (CH3, JPtC = 28 Hz, CH3-quino-
line), 34.3 (bs, CH, CH = CH), 57.6 (C, CMe3), 124.5 (CH, JPtC = 28 Hz,
C3), 126.8 (CH, C6), 128.6 (C, JPtC = 25 Hz, C10), 130.9 (CH, C5), 132.3
(C, JPtC = 32 Hz C8), 138.3 (CH, C7), 138.4 (CH, C4), 150.3 (C, C9),
165.6 (bs, CH, C2), 173.6 (C, CO), 174.5 (C, CO).
IR, KBr pellets (cm1): mC@O = 1798, 1731.
Elemental anal. (%) for C18H19NO3PtS: C 41.22, H 3.65, N 2.67.
Found: C 41.32, H 3.78, N 2.49.
4.6.16. Synthesis of complex 4d
Reaction time: 60 min. Temperature: 45 C. Yield 61%. Color:
greenish.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.30 (bs, 9H, tBu),
3.21 (bs, 3H, JPtH = 8.8 Hz quinoline-CH3), 4.55, 4.58 (AB system,
2H, J = 6.6 Hz, JPtH = 74.4, 73.0 Hz, CH = CH), 7.40–7.56 (m, 4H,
aryl-nq, H3, H6), 7.81 (dd, 1H, J = 8.0, 1.3 Hz, H5), 7.94 (dd, 1H,
J = 7.3, 1.3 Hz, H7), 8.00–8.09 (m, 2H, aryl-nq), 8.24 (d, 1H,
J = 8.4 Hz, H4).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 30.1 (CH3, CMe3), 31.2
(CH3, CH3-quinoline), 43.3 (CH, JPtC = 344 Hz CH = CH), 50.3 (bs, CH,
CH = CH), 124.6 (CH, JPtC = 34 Hz, C3), 125.4 (CH, aryl-nq), 125.5
(CH, aryl-nq), 126.4 (CH, C6), 128.5 (C, C10), 130.5 (CH, C5), 131.2
(CH, aryl-nq), 131.2 (CH, aryl-nq), 133.0 (C, C8), 136.3 (C, aryl-
nq), 136.4 (C, aryl-nq), 137.8 (CH, C7), 138.0 (CH, C4), 150.4 (C,
C9), 166.3 (CH, JPtC = 31 Hz, C2), 190.9 (C, CO); one CO signal is
not detected.
IR, KBr pellets (cm1): mC@O = 1641, 1625.
Elemental anal. (%) for C24H23NO2PtS: C 49.31, H 3.97, N 2.40.
Found: C 49.47, H 4.12, N 2.35.
4.6.17. Synthesis of complex 2e
0.0500 g (0.090 mmol) of complex 2a and 0.0141 g
(0.099 mmol) of dimethyl but–2–yneate (DMA) were dissolved in
8 ml of anhydrous CH2Cl2 in a 50 ml flask under inert atmosphere
(Ar). The resulting solution was vigorously stirred for 10 min and
then its volume reduced under vacuum. Addition of diethyl ether
induced the precipitation of 0.0388 g (yield 70%) of the title com-
plex as a microcrystalline ochre solid which was filtered off on a
gooch and dried under vacuum.
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.47 (s, 9H, tBu),
3.86 (s, 3H, OCH3), 3.92 (s, 3H, OCH3), 7.53 (dd, 1H, J = 8.4, 4.9 Hz,
H3), 7.69 (dd, 1H, J = 8.2, 7.3 Hz, H6), 7.93 (dd, 1H, J = 8.2, 1.2 Hz,
H5), 8.13 (dd, 1H, J = 7.3, 1.2 Hz, H7), 8.48 (dd, 1H, J = 8.4, 1.5 Hz,
H4), 10.29 (dd, 1H, J = 4.9, 1.5 Hz, JPtH = 37.6 Hz, H2).
13C{1H}-NMR (CDCl3, T = 298 K, ppm) d: 30.1 (CH3, JPtC = 20 Hz,
CMe3), 51.9 (CH3, OCH3), 52.0 (CH3, OCH3), 56.5 (C, CMe3), 109.4 (C,
C
), 118.9 (C, C
), 123.8 (CH, JPtC = 41 Hz C3), 127.5 (CH, C6), 130.3
(CH, C5), 130.5 (C, JPtC = 24 Hz, C10), 134.5 (C, JPtC = 27 Hz C8), 137.0
(CH, C4), 137.8 (CH, C7), 149.7 (C, C9), 158.2 (CH, JPtC = 50 Hz, C2),
159.5 (C, CO), 161.7 (C, CO).
IR, KBr pellets (cm1): mC@O = 1750, 1680; mCAO = 1216.
Elemental anal. (%) for C19H21NO4PtS: C 41.15, H 3.82, N 2.53.
Found: C 41.34, H 3.92, N 2.41.
4.6.18. Synthesis of the tautomeric mixture 2i, 2j
0.0400 g (0.0719 mmol) of complex 2a and 0.0325 g
(0.2157 mmol) of 3–chloro–1–phenyl propyne were dissolved in
5 ml of anhydrous CH2Cl2 in a 50 ml flask under inert atmosphere
(Ar). The mixture was vigorously stirred for 27 h at 28 C, eventu-
ally treated with activated carbon and filtered with a millipore
device. The clear solution was concentrated at small volume under
vacuum and the tautomeric mixture precipitated as a pink solid byaddition of diethyl ether. The complexes were filtered off on a
gooch (0.0224 g; yield 55%) and dried under vacuum.
Propargyl tautomer (50%) 1H-NMR (300 MHz, CD2Cl2, T = 298
K, ppm, selected peaks) d: 1.41 (s, 9H, tBu), 2.69, 2.82 (AB system,
2H, J = 14.2 Hz, JPtH = 100.7, 108.9 Hz, CH2Pt), 8.57 (dd, 1H, J = 8.3,
1.5 Hz, H4), 9.99 (dd, 1H, J = 5.1, 1.5 Hz, JPtH = 19.2 Hz, H2).
Allenyl tautomer (50%) 1H-NMR (300 MHz, CD2Cl2, T = 298 K,
ppm) d: 1.32 (s, 9H, tBu), 4.56 (bs, 2H, JPtH = 39.6 Hz, CH2@), 8.61
(dd, 1H, J = 8.3, 1.5 Hz, H4), 10.07 (dd, 1H, J = 5.1, 1.5 Hz,
JPtH = 20.4 Hz, H2).
IR, KBr pellets (cm1): (Propargyl tautomer) mC
C = 2187; (Alle-
nyl tautomer) mC@C@C = 1905.
Elemental anal. (%) for C22H22ClNPtS: C 46.93, H 3.94 N 2.49.
Found: C 47.09, H 4.03 N 2.32.
4.6.19. Synthesis of the tautomeric mixture 4i
The title complex was synthesized starting from the complex 4a
by a similar procedure as that followed in the synthesis of the pre-
viously described tautomeric mixture 2i, 2j. In this case, however,
only the tautomer 4i was obtained as a pale brown solid (Yield
81%).
1H-NMR (300 MHz, CDCl3, T = 298 K, ppm) d: 1.23 (s, 9H, tBu),
3.34 (s, 3H, quinoline-CH3), 4.59. 4.67 (AB system, 2H, J = 9.8 Hz,
JPtH = 42.1 Hz, CH2@), 7.55 (d, 1H, J = 8.5, H3), 7.63 (dd, 1H, J = 8.0,
7.3 Hz, H6), 7.85–7.88 (m, 2H, Ph), 7.96–8.02 (m, 2H, H5,H7), 8.35
(d, 1H, J = 8.5, Hz, H4).
13C{1H}-NMR (CD2Cl2, T = 253 K, ppm) d: 28.3 (CH3, CMe3), 28.4
(CH3, quinoline-CH3), 57.4 (C, CMe3), 68.9 (CH2, CH2@), 76.2 (C,
PhC@), 125.3 (CH, Ph), 126.3 (CH, C3), 126.9 (CH, C6), 127.6 (CH,
Ph), 128.2 (C, C10), 129.1 (CH, Ph), 130.5 (C, C8), 131.2 (CH, C5),
135.2 (CH, C7), 138.1 (CH, C4), 142.2 (C, Ph), 149.5 (C, C9), 166.8
(CH, C2), 204.7(C,@C@).
IR, KBr pellets (cm1): mC@C@C = 1907.
Elemental anal. (%) for C23H24ClNPtS: C 47.87, H 4.19, N 2.43.
Found: C 47.99, H 4.32, N 2.47.
4.6.20. Synthesis of the complex 2h
0.0509 g (0.091 mmol) of complex 2a and 0.0254 g of allylchlo-
ride were dissolved in 8 ml of anhydrous CH2Cl2 at R.T. under inert
atmosphere (Ar) in a two necked 50 ml flask. The mixture was stir-
red at RT for 4 h and evaporated to small volume under vacuum.
Activated carbon was added to the solution which was then fil-
tered with a millipore device. Addition of diethyl ether induced
the precipitation of the title compound (0.0373 g; yield 83%) which
was filtered off on a gooch and dried under vacuum.
1H-NMR (300 MHz, CD2Cl2, T = 298 K, ppm) d: 1.33 (s, 9H, tBu),
2.88, 2.93 (AB part of an ABX system, 2H, JAB = 8.3, JAC = JBC 8.8 Hz,
JPtH = 108.9, 80.6 Hz, Pt-CH2), 4.72 (dd, 1H, J = 9.9, 2.8 Hz,
JPtH = 15.2 Hz,@CH2), 5.06 (d, 1H, J = 17.1 Hz, JPtH = 14.6 Hz,@CH2),
6.20 (m, 1H, CH@), 7.66–7.76 (m, 2H, H3, H6), 8.06–8.12 (m, 2H,
H5, H7), 8.55 (dd, 1H, J = 8.2, 1.4 Hz, H4), 9.91 (dd, 1H, J = 5.0,
1.4 Hz, JPtH = 17.4 Hz, H2).
13C{1H}-NMR (CD2Cl2, T = 298 K, ppm) d: 1.3 (CH2, JPtC = 583 -
Hz, PtCH2), 28.9 (CH3, JPtC = 30 Hz, CMe3), 59.0 (C, CMe3), 107.1
(CH2, JPtC = 38 Hz,=CH2), 123.7 (CH, JPtC = 39 Hz, C3), 127.4 (CH,
C6), 130.4 (C, JPtC = 21 Hz, C10), 131.1 (CH, C5), 131.4 (C, JPtC = 32 Hz,
C8), 135.7 (CH, JPtC = 21 Hz, C7), 137.9 (CH, C4), 146.2 (CH, JPtC = 51 -
Hz, CH@), 148.9 (C, C9), 150.9 (CH, C2)
Elemental anal. (%) for C16H20ClNPtS: C 39.30, H 4.12, N 2.86.
Found: C 39.44, H 4.27, N 2.71.Appendix A. Supplementary data
CCDC 1531749 contains the supplementary crystallographic
data. These data can be obtained free of charge via http://dx.doi.
L. Canovese et al. / Polyhedron 129 (2017) 229–239 239org/10.1016/j.poly.2017.03.053, or from the Cambridge Crystallo-
graphic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk. Sup-
plementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.poly.2017.03.053.
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